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ABSTRACT

Pink salmon have been harvested in Southeast Alaska at the highest levels since record keeping began in the 20"
century, though the annual average harvest over the past 10 years has dropped slightly compared to the 1990s, due to
poor runs in 2006 and 2008. Recent changes to the Southeast Alaska pink salmon index, including removal of
observer calibrations, addition of index observers, addition and removal of index streams, and automation of the
index in the ADF&G regional database, required us to undertake a re-analysis of escapement goals that were
established for three sub-regions in Southeast Alaska in 2003. We used a “tabular approach” to summarize 48 years
of escapement and harvest information, and we examined yield as a function of escapement level, using a range of
hypothesized expansions of escapement index to total escapement. This approach provided a range of highest
potential yields, on which the revised biological escapement goals for the Southern Southeast, Northern Southeast
Inside, and Northern Southeast Outside sub-regions are based. We also re-calculated escapement management
targets to smaller districts and stock groups within each of the three sub-regions. With the exception of 2008, pink
salmon escapement indices have been within or above escapement goals in Southeast Alaska, and escapements
appear to have been well-distributed throughout the region. Escapement goals have also been met in nine of the last
10 years in the Situk River, in the Yakutat area. At this time, there are no stocks of pink salmon in Southeast Alaska
or the Yakutat area that can be considered stocks of concern, under the definition of the Board of Fisheries’
Sustainable Salmon Fisheries Policy; however, pink salmon runs in the Northern Inside sub-region will require
careful management in the coming years due to particularly poor escapement in 2008.

Key words: escapement, escapement goals, escapement index, Oncorhynchus gorbuscha, pink salmon, Situk River,
Southeast Alaska, stock status, Yakutat.

INTRODUCTION

Wild pink salmon (Oncorhynchus gorbuscha) spawn in approximately 2,500 short, coastal
streams in Southeast Alaska (Zadina et al. 2004), and support a large and valuable commercial
fishing industry (Clark et al. 2006). Pink salmon comprised an average 70% of all the salmon
harvested, by numbers of fish, in Southeast Alaska over the most recent 10-year period, 1999—
2008. An average of 44 million fish per year were harvested in the commercial fishery in
Southeast Alaska over this same period, including the largest catch on record of 78 million fish
in 1999 (Figure 1). The exvessel value of the commercial pink salmon harvest averaged $20
million a year, and ranged between $8 and $32 million, making pink salmon the most valuable
species after chum salmon (O. keta) in Southeast Alaska fisheries. The majority of pink salmon
harvested in Southeast Alaska commercial fisheries have been taken by purse seine gear (96%),
while smaller portions were harvested in drift gillnet (3%), troll, and set gillnet (Yakutat area
only) fisheries. Small numbers of pink salmon have been harvested in sport, personal use, and
subsistence fisheries. Nearly all of the pink salmon harvested in Southeast Alaska are of wild
origin: hatchery-produced pink salmon have contributed an average of only 4% of the total
annual harvest since the late 1970s (White 2008, and previous reports in that series; Figure 1).
Biological escapement goals based on weir counts have been maintained for the Situk River, one
of the larger producers of pink salmon in the Yakutat area (Clark 1995, Heinl and Geiger 2005).
For the rest of Southeast Alaska, escapement goals have been maintained for aggregates of pink
salmon runs in three broad sub-regions; Southern Southeast sub-region, Northern Southeast
Inside sub-region, and Northern Southeast Outside sub-region (Zadina et al. 2004).

Pink salmon stocks in Southeast Alaska are managed through extensive inseason monitoring of
harvests, fishing effort, and developing escapements (Van Alen 2000, Zadina et al. 2004).
Because pink salmon production is broadly dispersed in Southeast Alaska, the inseason
assessment of escapements has been based on aerial observation. Prior to making decisions about
opening fishing areas, experienced fishery managers fly over many miles of pink salmon
spawning habitat and assess whether adequate numbers of salmon are present, and whether the



timing of the escapement is consistent with previous patterns. Although the managers fly these
surveys to assess inseason abundance to base management decisions, a numerical summary of
their visual impressions about salmon abundance is retained as one of the most important
indicators of salmon abundance and management success. The peak annual aerial survey counts
to a set of over 700 streams in the region are used to generate an annual escapement measure, or
“index” of abundance, upon which the escapement goals are based.

The Southeast Alaska pink salmon escapement index was recently changed from that reported by
Zadina et al. (2004) and updated by Heinl and Geiger (2005). The principal change was the
complete removal of the “bias adjustments” that were previously made in an attempt to adjust for
differences in observer counting rates (Hofmeister 1998, Van Alen 2000). Although the method
used seemed like a practical way to address the well-known problem of observer counting bias
(Dangel and Jones 1988, Jones et al. 1998), a close examination indicated that the calibrations
often induced significant error due to the manner that observations from uncalibrated observers;
were treated in historical data; therefore, we revised the current pink salmon escapement index
using only raw survey data. Other changes included the addition and removal of index streams,
addition of index observers (i.e., those experienced aerial observers whose aerial survey data are
used to formulate the index) to make better use of available historical data, and the complete
automation of the index through the Southeast Alaska Integrated Fisheries Database. The current
pink salmon escapement index will be described in detail by Heinl et al. (in prep.). The recent
changes made to the escapement index required us to recast the biological escapement goals for
Southeast Alaska pink salmon.
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Figure 1.—Annual harvest of wild and hatchery-produced pink salmon in Southeast Alaska, 1890-2008.
The black line represents the median catch by decade (data prior to 1960 are from Byerly et al. 1999).

In this report we provide a brief review of stock assessment measures for pink salmon in
Southeast Alaska and the Yakutat area, provide a re-analysis of the biological escapement goals
for Southeast Alaska using the same method employed by Zadina et al. (2004) and the current
pink salmon index, and assess the recent pink salmon escapement performance in relation to the
new index-based escapement goals.



DEFINITION OF PINK SALMON STOCKS

The vast majority of the pink salmon harvest in the region takes place in mixed-stock or passing-
stock fisheries in the waters surrounding the Alexander Archipelago, from Dixon Entrance, north
to Cross Sound, Icy Strait and Lynn Canal—what we refer to throughout the rest of this report as
“Southeast Alaska,” as distinct from the Yakutat area. Yakutat area pink salmon stocks are
spatially segregated from the rest of Southeast Alaska, and are harvested primarily in terminal,
in-river set gillnet fisheries (Clark 1995). Management and assessment of Yakutat area pink
salmon stocks has occurred consistently only for the Situk River. Southeast Alaska pink salmon
harvest statistics and escapement indices have commonly been divided into areas that reflect
fisheries management divisions (management areas, districts, and stock groups) as well as
biological divisions (sub-regions). Because Southeast Alaska pink salmon are largely harvested
in mixed-stock fisheries, often some distance from spawning areas, it is not possible to allocate
harvests of pink salmon to stock group of origin at any finer scale than sub-region. Therefore,
biological escapement goals for Southeast Alaska pink salmon have been established at the sub-
region level (Zadina et al. 2004). These sub-regional goals were further divided into
“management targets” for the 12 management districts and 46 stock groups where pink salmon
are monitored, as an aid to assessing the spatial distribution of the pink salmon escapement
across Southeast Alaska (Zadina et al. 2004). These management targets are not considered to be
escapement goals under the definition of the Statewide Salmon Escapement Goal Policy (5 AAC
39.223).

MANAGEMENT AREAS

There are four management areas in Southeast Alaska (Juneau, Ketchikan, Petersburg, and Sitka;
see Appendix Al), which are further divided into 15 management districts (Districts 1-15).
ADF&G Fisheries managers are responsible for managing the fisheries and monitoring
escapements of pink salmon in each of their respective management areas.

SUB-REGIONS

Marine tagging studies have repeatedly demonstrated that Southeast Alaska pink salmon stocks
are strongly segregated into southern and northern areas or sub-regions (e.g., Rich 1927, Rich
and Suomela 1929, Rich and Morton 1930, Nakatani et al. 1975, Hoffman 1983), and the
commercial fisheries in each sub-region generally target pink salmon stocks that ultimately
spawn in that sub-region. The Southern Southeast sub-region comprises pink salmon stocks from
Sumner Strait and south (Districts 1-8), while the Northern Southeast sub-region comprises pink
salmon stocks north of Sumner Strait (Districts 9-15). In 1998, the northern area was further
divided into Northern Southeast Inside and Northern Southeast Outside sub-regions, as marine
tagging studies also showed that pink salmon spawning on the outer coast of Chichagof and
Baranof islands generally do not enter inside waters (Nakatani et al. 1975, Alexandersdottir
1987). The Northern Southeast Outside sub-region includes all waters of District 13 (excluding
Peril Straits and Hoonah Sound subdistricts 113-51 through 59, which are considered part of the
Northern Southeast Inside sub-region).

STOCK GROUPS

Southeast Alaska has also been divided into 53 smaller “stock groups” contained within the
district boundaries (Zadina et al. 2004; Appendices A2-A5). Each stock group represents a



collection of streams that support pink salmon runs with similar migration routes and run timing,
are managed as a unit, and are assumed to share similar productivity and exploitation rates (Van
Alen 2000). Seven of the pink salmon stock groups have not been consistently monitored for
pink salmon spawning escapements: the Annette Island stock group is managed exclusively by
the Metlakatla Indian Community (where the state has no jurisdiction), while six other stock
groups are located in areas that do not have directed fisheries or are in remote areas where it
would be cost prohibitive to conduct surveys on a regular basis—Suemez-Dall (Ketchikan area;
Appendix A5), SW Baranof, W Kruzof, and W Yakobi (Sitka area; Appendix A4), and Dundas
Bay and Glacier Bay (Juneau area; Appendix A2). The remaining 46 stock groups, representing
12 fishing districts, are actively managed and monitored for escapements.

STOCK ASSESSMENT

ESCAPEMENT MONITORING
Yakutat Area

Clark (1995) reviewed available escapement data for Yakutat area streams, 1960-1994.
Consistent survey data in the Yakutat area were limited to two of the more substantial producers:
the Situk River (ADF&G Stream Number 182-70-010) and Humpy Creek (ADF&G Stream
Number 183-40-010). The Situk River supports a fishery that primarily targets sockeye (O.
nerka) and coho (O. kisutch) salmon (Clark 1995). In recent years, there has been little economic
incentive to harvest pink salmon and they have been harvested incidentally to sockeye and coho
salmon (Woods 2007). Escapements in the Situk River have been assessed through aerial and
boat surveys and with a weir, although there is some spawning that occurs downstream from the
weir. Weir counts were available for the Situk River for 12 years between 1971 and 1989, and
for every year since 1995. Clark (1995) compared weir counts in the Situk River to peak aerial
and boat counts, and assumed a three-fold conversion factor to scale peak survey counts to the
total escapement (Appendix AB).

Systematic surveys to estimate spawning escapement into Humpy Creek have not been
conducted since the mid-1990s, because there was very little fishing effort at Humpy Creek in
the early 1990s (despite fisheries openings) and no directed fishery since 1996 (Woods 2003). In
2005, the escapement goal for Humpy Creek was eliminated due to lack of fishing effort on the
stock (Heinl and Geiger 2005).

Southeast Alaska

The department has maintained an annual index of the pink salmon escapement in Southeast
Alaska, generated from aerial survey observations, conducted at intervals during most of the
migration period. Most pink salmon stocks in Southeast Alaska do not show persistent trends of
odd- or even-year dominance, and for simplicity, escapement indices of both brood lines are
combined (Van Alen 2000, Zadina et al. 2004). The methods used to calculate the index have
changed at different times, as knowledge of the region’s pink salmon grew out of research
programs designed to improve pink salmon management (e.g., Durley and Seibel 1972, Jones
and Dangel 1983, Hofmeister et al. 1993). The most recent method of generating an annual index
of the pink salmon escapement from aerial surveys was described in very general terms by
Hofmeister (1998), Van Alen (2000), and Zadina et al. (2004), and updated by Heinl and Geiger
(2005). In instances where major changes were implemented, the index was recalculated for all
years to ensure the index was consistent over the entire series.



In 2004, the department began a project to completely automate calculation of the index through
the Southeast Alaska region computer database (Alex/Integrated Fisheries Database; Heinl et al.
in prep.). The primary goal of this project was to provide interested individuals with reliable and
consistent statistics, calculated using the most current version of data within our regional
database. Until very recently, the Southeast Alaska pink salmon escapement index was
calculated and maintained by the Southeast Alaska pink salmon program biologist on a personal
computer. Errors were almost certainly introduced over time, through typos and manipulations of
data in spreadsheets. In addition, this information was only available in stock status reports to the
Alaska Board of Fisheries that were published tri-annually (e.g., Zadina et al. 2004, Heinl and
Geiger 2005) or through electronic data sets not subject to quality or version control. Thus, the
index was not readily accessible to salmon researchers, department staff, or the public. A
secondary goal of this project was to critically examine how the pink salmon index was
constructed, and to make changes to the index as needed.

As noted earlier, the principal change in the new pink salmon escapement index was the
complete removal of the observer calibrations that were previously used in an attempt to adjust
for differences in observer counting rates (Heinl et al. in prep.). It is a well known problem that
individual observers tend to count at their own rate, or “bias” (Dangel and Jones 1988, Jones et
al. 1998). Beginning in 1995, raw stream survey counts were standardized to remove as much
“observer bias” as possible—not by removing bias through comparison of counts to actual
numbers of fish present, however, but rather by adjusting observer counts to the same counting
rate. Individual observer’s counts were calibrated to the counting rate of a major observer in each
management area through comparisons of all the surveys conducted by the observers on the same
stream within a three-day period (Hofmeister 1998, Van Alen 2000). Counts by one observer
were then converted by an expansion factor to match the counts of another observer. Although
this method seemed like a practical way to address the problem of observer counting bias, a close
examination indicated that the calibrations often induced significant error into escapement index
calculation. At this point in time we will simply use the raw survey data until a suitable method
of adjusting survey estimates can be devised (preferably through a direct comparison of observer
counts to the number of fish known to be within a closed study area). Other changes to the pink
salmon escapement index included adding and removing a small number of index streams, and
adding additional index observers (i.e., those experienced observers whose aerial survey data
were used to formulate the index), particularly some commercial fisheries managers from the
1960s and 1970s, in order to make better use of the available historical data.

The pink salmon escapement index consists of the sum of the peak annual aerial survey
observations for 714 index streams across the region. Although the index comprises pink salmon
runs of varying magnitudes (Table 1), the set of index streams does not necessarily match the
distribution of streams (by run size) across the entire region, as the majority of the 2,500 pink
salmon spawning streams are likely very small producers. Only stream surveys conducted by key
personnel, termed index observers, were used in the pink salmon escapement index. Index
observers were typically management biologists or assistants, most of whom conducted more
than 100 stream surveys per year for more than four years. Survey data were qualified (based on
visibility, timing, and area surveyed) by the management biologists that conducted the surveys
using the following codes: code 01, an incomplete survey—not useful for indexing abundance;
code 02, a complete survey—potentially useful for indexing abundance; and code 03, the peak
survey—useful for indexing abundance. Code 03 surveys identified the one and only peak survey
for a stream each year. These codes were entered into the regional database to facilitate



identification of the peak survey observations for each index stream. Finally, an iterative EM
algorithm (McLachlan and Krishnan 1997) is used to impute missing values (e.g., lack of a peak
survey for a given stream due to weather) from the static table of historic data.

Table 1.-Distribution of pink salmon escapement index streams based on the
1960-2007 median escapement peak survey value by stream.

Median Peak Survey Range Number of Streams

<500 19

500-2,500 208

2,500-5,00